Abstractglobal warming is the most compelling environmental issues in the world recently. Almost a century, the temperature increased 0,74° C and made the ice in North and South Pole melt in high rate. Some people say that global warming brings the negative effect for the society, however businessman, especially in shipping and logistic industries, believe that the melting ice process will shorten the distance between East Asia Countries and European Countries. 
Nowadays, the temperature of surfaces around the world increased dramatically. It was happened because of global warming effects. By increasing surfaces temperature, ice melts in very high rate [1] [2] . Northeast Passage is a new route for shipping industries, connects European and East Asia Countries, along the Arctic Ocean and shorten the distance between those countries. Northeast Passage was established in 1878 by David Melgueiro, a Portuguese Navigator. However, this route was extremely dangerous because of its environmental condition, extremely cold.
Meanwhile, Shipping Companies, generally use Suez Canal as their main route to deliver their cargoes from East Asia to Europe or vice versa. However, Northeast Passage have a lot of problem, especially in environmental conditions. Although global warming melts some of ice in Arctic Sea, there are still some ices that still in solid particle. The existence of ice will increase the ship resistance because solid particle has a higher viscosity rather than the liquid form. In addition, Jurgen Siegl, Hochschule Wismar University, Germany. Email: siegel@elkas. de Gerrit Tuschling, Hochschule Wismar university, Germany, Email: gerrit.tuschling@hs-wismar. de Reinhart Yosafat, Department of Marine Engineering, Institut Teknologi Sepuluh Nopember, Surabaya 60111, Indonesia ship needs additional equipment like icebreaker to remove ice from her path. Ice also may be harmful for the durability of ship hull because of their solid form.
It is undeniable that the development of Northeast Passage will reduce shipping operational time by reducing the distance between East Asia and Europe and may lead to reduce operational costs, especially in fuel cost. Generally speaking, costs for fuel has a big contribution for total cost of operation of ship.
It is true that by using Northeast Passage for the operation will reduce the distance for delivering cargoes from East Asia to Europe countries. However, it needs more consideration especially in increasing ship resistance that relating to fuel costs and also in safety consideration. By knowing the total resistance of ship, the total fuel consumption will be known and the suitable routes can be chosen.
II. METHOD
In this research will compare total fuel consumption of a ship. A ship that will be examined, travels from East Asia Countries to Europe or vice versa. On this thesis, a ship travels from Hong Kong Port to Hamburg Port. There are 2 routes that will be compared, first one is Conventional Route, using Suez Canal and the second one is a new route, North-East Passage. Using Northeast Passage will increase the resistance of the ship because of the ice layer along the route especially in Russian Coastline. Research, Vol. 2(4) , Sep. 2018 . 242-252 (pISSN: 2541 -5972, eISSN: 2548 -1479 243
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First step will be taking the vessel's speed when operates in conventional route using Automatic Identification System. After that, calculating total resistance and total fuel consumption is needed, using Harvalrd & Guldhammer method.
Second step of this thesis will be calculating total fuel consumption for a ship when operates on North-East Passage. Before knowing total fuel consumption, total resistance of ship is needed by using Lindqvist and Riska et Al methods. After knowing the total fuel consumption, selecting the most suitable speed for a vessel is needed for a great input for ship owner's to select the best option that he has. figure 1 [3] . [4] [5] [6] [7] .
1. Ice Thickness Ice Thickness can be known from Stefan Equation .
(
2. Ice Salinity and Density Salinity of the ice depends on the age of the ice, density and ice thickness. 
Flexural Strength
The flexural strength is a measure of how a material resists bending before failure.
Elastic Modulus of Ice
The ratio of the stress t the strain is called elastic modulus, E. The elastic modulus increases linearly as a function of the brine volume.
2.3 Ice Resistance Calculation Methods Before calculating ice resistance, there is an important part that must be known first. The angles for the formulas is needed. There are 3 main angles that needed. The angle between the waterline and bow is the stem angle (∅). the waterline entrance angle (α) is the angle between the waterline and longitudinal axis of the ship [4] [5] [6] [7] .. Research, Vol. 2(4) , Sep. 2018 . 242-252 (pISSN: 2541 -5972, eISSN: 2548 -1479 244
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Figure. 2. Ship's Angles
There are 2 methods for calculating ice resistance of ship, using Lindqvist method and Riska method [4] [5] [6] [7] .
Lindqvist Method
The model was presented in 1989 and presents a rather simple way of estimating the resistance due to ice. The model gives resistance as a function of main dimensions, hull form, ice thickness, ice strength, and friction.  Crushing
Crushing is the main force component at the stern, where the contact area between the hull and the ice is not large enough to give bending failure before crushing occurs.
(6) Where:
Where is ice strength in bending and is ice thickness.
 Breaking by Bending
The bending failure of ice will be induced when a sufficiently large contact area between the ice floe and the ship hull is present. When the hull comes into contact with a corner of the floe, ice is crushed until shearing failure occurs.
 Submersion The submersion resistance exists of 2 components, the loss of potential energy and the frictional resistance. L, B, T are respectively length, breadth, and draught. V is vessel speed, h_i is ice thickness and ∅ is the stem angle in degrees. Lpar and Lbow are the length of the parallel side section and length of the bow respectively. Sep. 2018 . 242-252 (pISSN: 2541 -5972, eISSN: 2548 -1479 245
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The total ship resistance when operates in ice condition can be assumed to be the sum of open water resistance and ice resistance.
(11)
Open Water Resistance
Resistance of ship play an important role in determining the ship propulsion systems, including determine the main engine that will be used, fuel consumption is selected to suit the business expectations of the ownership, the greater the resistance, the greater the required engine power, the greater the cost of fuel, vice versa [8] .
 Calculating Displacement of ship (12) The greater BHP power that we needed, then we need greater engine to meet the power, and if the engine power greater, automatic fuel consumption of engine or SFOC will be greater. To calculate the fuel consumption can be done with the following formulation:
(25) Table 2 is the ship data from reliable source and this is about the principal dimension of ship. Before calculating fuel consumption, first of all, the value of total resistance of a ship and engine power is needed. Table 5 is the ship data and the ship speed based on approaching. The data table 5 is taken from Hong Kong -Nansha route. The vessel was approaching to the Nansha Port. The average velocity of the vessel when approaching Nansha Port is 13 knots and the total operational time for the approaching part is 1 hour 22 minutes. The next step is calculating the total resistance for this part. Calculation
Step: After getting the value of total resistance of the ship, the next step is calculating the total fuel consumption of the ship when the operation on conventional route. This ship is using 12K98MC -C7 by MAN B&W with maximum power at 72.240 kW and SFOC at 177 g/kWh.
      In the end, the total fuel consumption for conventional route is 5810,231215 tons during 596,15 hours for the operational time of vessel with average consumption per hour is 9,74625 tons. Detail result in table 6. To calculate total resistance for this route, the assumption must to be made especially for the velocity and total operational hours for the vessel. The assumption is made by comparing the distance with the conventional route. For instance, the distance for North Sea and Norwegian Sea is 1976 nautical miles, so route from Shekou -Tj Pelepas is compared to get the velocity for vessel when passing through North and Norwegian Sea. The estimation for vessel when passing through the sea in some scenario can be shown in Bering -East China Sea is still not covered with ice, so the zone still considered as open water resistance with sea margin at 15-20%. However, there are 2 different temperature zones that may be passed of the ship, 13 -20°Celsisus. The range of vessel speed is 0,5-9,7 m/s. Total ship resistance is around 9,7 -2269 kN. Sep. 2018 . 242-252 (pISSN: 2541 -5972, eISSN: 2548 -1479 ) 251
Ice Route can save 20% of fuel consumption when a vessel just only saves her 5% of operational hours. Now, these parts will try to figure out how many percent that can be saved if a vessel wants to save her 10% of the operational hours. Hereby, the comparison when a vessel wants to save 10% of the operational hours. Can be shown in table 17. 
Cost Analysis for Conventional Route and Ice Route Based on Fuel Consumption of Ship
Like already said in last section of this chapter, Ice Route can reduce fuel consumption of a ship until 20% depends on the ship operation itself. Fuel consumption can charge ship owners until 50% of their operational costs. So, it is very important to know how much money that will spend on bunkering fuels.
For conventional route, bunkering fuel is projected to be carried on Hong Kong Port as the first port of the voyage and the second and third is Port Klang and Piraeus Port respectively. Conventional Route using Suez Canal to be passing through. The usage of Suez Canal charges a ship for 55315,64 USD. The total price for the fuel during the operation at conventional route is 2443981,114 USD. So, the total price that may be needed for conventional route is 2997496,754 USD.
For the ice route, bunkering fuel is projected to be carried on Hamburg Port and one of the ports in Russian coastline. However, there is a conflict about who own the Northeast Passage. On this thesis, Northeast Passage is considered as open water for international passage. So, the canal toll of Northeast Passage will not exist and is considered to be zero. Can be shown in table 18 and 19. 
